1. INTRODUCTION {#sec1}
===============

The beneficial impact of Breast Milk (BM) has been deeply investigated and demonstrated by many authors, especially on extremely low birth weight (ELBW) newborns in neonatal intensive care unit (NICU) \[[@r1]-[@r4]\].

Due to these reasons, BM represents the ideal nutrition source and exclusive breastfeeding is recommended by the American Academy of Pediatrics (AAP) until at least 6 months of post-natal life \[[@r5], [@r6]\].

BM exerts several short- and long-term positive effects. In fact, it has shown anti-inflammatory and anti-infective functions, it promotes immune system formation and can also support the development of immature organs \[[@r7]\].

BM also confers protection against prematurity-related retinopathy (ROP) and necrotizing enterocolitis (NEC) \[[@r8]\]. Finally, BM has been related to beneficial effects in the successive phases of life. It can give protection against the development of obesity, diabetes and cardiovascular disease and improve newborn's neurological development \[[@r7]\]; regarding this, some recent data also demonstrated the association of BM with a higher intelligence quotient (IQ) and educational outcome at thirty years of age \[[@r9]\].

However, it is known that BM could not be always so safe, especially taking into account the possible presence of maternal viruses that can be transmitted to the newborn. For example, maternal Cytomegalovirus (CMV) can be shed in BM and transferred to the breastfed neonate. This acquired infection can lead to a serious and acute illness, especially in very premature infants. Therefore, a strategy to improve the removal of CMV from maternal milk without reducing or altering its beneficial components should be desirable \[[@r10]\].

In this perspective, many efforts have been already made and continue to be performed, through several experimental studies and clinical trials, in order to improve our knowledge on this topic \[[@r1], [@r6], [@r11], [@r12]\].

Due to the high prevalence of BM-acquired infection, inactivating virus concentration in BM could represent a beneficial option for preterms \[[@r6], [@r13], [@r14]\].

In this paper, we describe all the factors promoting CMV shedding through BM; moreover, we investigate the possible occurrence of a severe disease in preterm neonates and finally we focus on the available strategies to prevent viral transmission.

2. CMV INFECTION: EPIDEMIOLOGY {#sec2}
==============================

CMV is a ubiquitous infection among humans \[[@r8], [@r15]\]. It consists of a beta-herpesvirus which can persist lifelong in CD34+ precursors, representing a chronic infection \[[@r15]-[@r17]\].

Several genes of its genome can interact and take benefits from the human immune system and inflammatory patterns \[[@r15], [@r17]\].

An increased rate of CMV infection seems to depend on many factors; among these, a low socioeconomic status, social habits or customs, and origin in a developing country or in a region showing a high viral prevalence seem to have a potential role. Person to person transmission can occur through breastfeeding, care of neonates or young children, sexual contacts. In conclusion, the contact with body fluids is needed for CVM acquisition \[[@r15]\].

The prevalence of CMV-seropositive women in reproductive age seems to be lower in the United States and Western Europe (about 40-60%), compared with Asia and Africa (until 90%) \[[@r15], [@r16], [@r18]\].

In literature, BM acquired infection ranges from 5.7% to 60%, depending on the study and on the technique used for CMV inactivation \[[@r6], [@r19]-[@r21]\].

CMV is also associated with the congenital infection presenting the highest prevalence in developed countries, occurring in approximately 0.6-0.7% of the newborns \[[@r15], [@r22]-[@r24]\].

Moreover, CMV seems the principal cause of perinatal acquired infection in the world \[[@r6]\]; this risk is higher for ELBWs belonging to countries or ethnicity where a higher prevalence of CMV-IgG positive women is reported \[[@r1], [@r25]\], since the majority of such mothers undergo reactivation during lactation and shed the virus in BM without any appearance of infection signs \[[@r1], [@r13], [@r26]-[@r28]\].

3. CMV INFECTION: BRIEF HISTORY OF BREAST MILK TRANSMISSION {#sec3}
===========================================================

In 1970s, the observation of some neonates negative for CMV at birth and acquiring it during the first month of life suggested the possibility of a postnatal transmission. At first, this was attributed only to maternal genital secretion shedding \[[@r10]\]. Since 1972s, Hayes *et al*. \[[@r29]\] and Reynolds *et al*. \[[@r30]\] searched CMV in BM samples belonging to CMV-seropositive mothers, both finding its presence in about 27% of these.

Successive studies found a prevalence of CMV in BM ranging from 13 to 50% of the analyzed samples, according to the kind of study and to the method used for viral detection \[[@r10], [@r13], [@r26], [@r31]-[@r34]\].

CMV-seronegative mothers did not shed virus in BM. On the contrary, among CMV-seropositive mothers, the percentage of viral shedding attested between 32 and 96% \[[@r10], [@r13], [@r26], [@r32], [@r33], [@r35]\].

BM is not the only source of CMV transmission. In fact, in 1979, it was described the first case of transmission through blood transfusion \[[@r16], [@r36]\]; this was subsequently and successfully avoided through the use of CMV-IgG- negative blood \[[@r16], [@r37]\].

CMV transmission to full term babies was initially described as a form of natural immunization, associated with minimal or absent signs of disease \[[@r16], [@r32]\].

Unfortunately, BM acquired infection can cause a severe disease in preterm babies \[[@r16]\].

4. CMV INFECTION: MOTHER TO CHILD TRANSMISSION ROUTES {#sec4}
=====================================================

The transmission of CMV from mother to child is a key passage in maintaining the high human prevalence showed by such virus. It can occur through three routes: the first is transplacental route; the second is peri-natal route, during the delivery. Thirdly, transmission *via* BM is also possible \[[@r8], [@r15]\].

Therefore, the last two ways are not related to the acute illness or to the damage involving central nervous system (CNS) which are described after the occurrence of congenital infection \[[@r15]\].

The modalities of transmission are the following three, presented below and reported in Fig. ([**1**](#f1){ref-type="fig"}).

4.1. Transplacental Transmission {#sec4.1}
--------------------------------

Transmission through this route occurs in about 35% of the pregnancies in which the mother undergoes primary infection. For the mother, this usually results in an asymptomatic infection and is detected only through CMV-antibody screening \[[@r15], [@r38]\]. The risk of transmission to the foetus increases according to the gestational age (GA). In fact, it results in approximately 20% during the first trimester of gestation and 75% if maternal infection occurs in the last trimester \[[@r15], [@r39]-[@r41]\]. Especially when acquired during the first trimester, it can lead to a severe CNS damage, developmental disability, cognitive impairment or cerebral palsy, sensorineural hearing loss or vision impairment \[[@r15], [@r23], [@r42], [@r43]\].

About 50% among the newborns who acquire congenital infection and show signs of intrauterine infection at birth will probably develop disabilities. Instead, among the asymptomatic neonates at birth, about 5-15% will undergo the same disabilities \[[@r15], [@r22]\].

A recurrent infection, due to reactivation of maternal latent CMV infection, is also possible during pregnancy \[[@r10], [@r15], [@r44]\]. Therefore, the transmission to the child can occur both if the mother has been infected previously or during the pregnancy; the first modality is related to maternal reactivation, even if she was immune at the time of conception. Congenital CMV infection is an important cause of neonatal morbidity and mortality \[[@r10], [@r15]\].

4.2. Intrapartum Transmission {#sec4.2}
-----------------------------

As previously reported, an intrapartum CMV transmission is also possible, due to viral elimination through genital secretions in CMV-seropositive mothers. According to Pass *et al*. \[[@r15]\], these babies eliminate CMV virus at 3-6 weeks of life \[[@r15]\]. In general, the newborns acquiring the virus through this route would not develop a serious illness, except if they are very preterm or Low Birth Weight (LBW) \[[@r13], [@r15], [@r45]\].

4.3. Breast Milk transmission {#sec4.3}
-----------------------------

The first source of post-natal CMV transmission is through BM. This route mostly regards ELBWs \[[@r1], [@r8], [@r13], [@r23], [@r46]-[@r50]\].

Such modality of transmission represents the source of infection for the majority of the infants infected during the first year of life \[[@r15], [@r32]\]. This has a great impact on CMV seroprevalence in the population, due to the fact that infected infants can also shed the virus in their fluids and secretions and transmit it to caregivers or other babies \[[@r15]\].

Maternal immunity or latent infection does not prevent viral shedding, due to the possibility of viral reactivation \[[@r8], [@r13], [@r15], [@r16], [@r23], [@r51]-[@r53]\].

The moment in which viral shedding begins, its variations and the end moment can be highly variable among the subjects. All the mechanisms of this reactivation are not currently known \[[@r16]\].

However, it is well known that CMV DNA undergoes reactivation and therefore is detectable in BM of about 95% of CMV-seropositive mothers, according to polymerase chain reaction (PCR) detection \[[@r6], [@r13], [@r15], [@r16], [@r26], [@r28], [@r52], [@r54], [@r55]\].

CMV reactivation is promoted in case of a low immunological status, stress, interleukin Il-6 stimulus, DNA-damage but also in healthy mothers during lactation \[[@r16], [@r32]\]. In this last case, viral shedding in BM is observable without systemic findings of viral load, as an example in blood or maternal genital secretions \[[@r16], [@r27], [@r56], [@r57]\].

Macrophages of BM are the cells responsible for CMV reactivation, even if the presence of infected cells seems not indispensable for viral transmission \[[@r16], [@r27], [@r58]\].

In conclusion, although the possibility to acquire CMV *via* BM is well known \[[@r6], [@r49], [@r59]-[@r61]\], not all the mechanism of viral reactivation in BM, the role of milk cells and free-virus in transmission have been fully clarified and described \[[@r13]\].

5. CMV INFECTION: KINETICS OF VIRAL EXCRETION {#sec5}
=============================================

The kinetics of CMV viral shedding in BM has been deeply investigated and defined as a unimodal and self-limited process \[[@r6]\].

According to many authors, viral shedding would begin during the first week of lactation, reaching a peak at 4-8 weeks. Successively, from 9-12 postnatal weeks, it would reduce significantly \[[@r1], [@r6], [@r28], [@r49], [@r59]\] and it would end at 3 months of lactation approximately \[[@r16]\]. According to other studies, viral shedding would be detectable since the first day until nine months after delivery \[[@r10], [@r23], [@r26], [@r34], [@r62], [@r63]\].

According to Hamprecht *et al*. \[[@r16]\], CMV can be detected in colostrum since the third day of lactation.

The elimination of a high viral load, an early viral excretion and a long period of breastfeeding may represent risk factors associated with an increased CMV transmission to the child \[[@r6], [@r8]\].

Moreover, it was also detected an inverse association between CMV IgG avidity and viral shedding rate \[[@r16], [@r64]\].

Some reported data suggest that colostrum could not be infectious. In this perspective, pasteurization starting from the second week after birth until the eight postnatal could be an efficacious approach to reduce ELBW CMV infection *via* BM \[[@r1]\].

On the contrary, in the trial performed by Romero-Gomez *et al*. \[[@r6]\], 45.9% of 90 tested samples of BM was positive for CMV until 3 days post-delivery, with a viral load in colostrum comparable with mature milk 4 weeks postpartum; these findings result in agreement with the results of Chiavarini *et al*. \[[@r20]\] (54,4% of 57 colostrum samples positive for CMV DNA), suggesting that colostrum could not be so safe regarding CMV transmission \[[@r6], [@r20], [@r23]\].

Some BM components seem able to exert various effects on viral transmission. *i.e*., IgA and antiviral lipids present in BM seem to be protective against CMV transmission; moreover, in some experiments, Vitamin A, monolaurin and lactoferrin inhibited CMV growth in BM *in vitro*. On the contrary, prostaglandin promoted CMV growth *in vitro* \[[@r10], [@r62]\].

Co-infection HIV + CMV determines an increased risk of viral shedding with cervicovaginal secretion and therefore a higher rate of intrapartum mother to child CMV-transmission \[[@r15], [@r65]-[@r67]\].

Moreover, viral CMV-shedding *via* BM is increased and potentially associated with EBV transmission too \[[@r16], [@r68]\].

In addition, CMV transmission from HIV-positive mothers seems to increase the risk of HIV transmission too, and it also accelerates its progression \[[@r15], [@r69]\].

A higher maternal CMV level in BM and a low number of CD4+ lymphocytes are risk factors associated with an increased rate of CMV transmission \[[@r16], [@r70]\].

6. CMV INFECTION: CAUSES OF EXTREMELY LOW BIRTH WEIGHT NEWBORN'S SUSCEPTIBILITY {#sec6}
===============================================================================

Postnatal infection is usually asymptomatic in full term babies \[[@r6], [@r8], [@r10], [@r13], [@r15], [@r23], [@r26], [@r32], [@r33], [@r71], [@r72]\].

This is due to the protection conferred by maternal IgG antibodies, passively acquired after 28 weeks of gestation. Very preterm babies do not have this protection, and therefore result susceptible to develop a severe infection both acquiring the virus through BM, both *via* cervical secretions during delivery \[[@r1], [@r10], [@r23]\].

Many authors report the occurrence of a severe disease in preterms which acquired CMV post-natally, especially in the most immature newborns \[[@r6], [@r10], [@r13], [@r23], [@r26], [@r73]-[@r76]\].

A symptomatic disease can also occur in case of increased susceptibility due to a deficient immune function of the mother, fetus or newborn \[[@r15]\].

Preterms born at GA lower than 30-32 weeks and/or showing a BW lower than 1000 gr present a higher risk of CMV acquisition *via* BM \[[@r3], [@r8], [@r13], [@r77]-[@r80]\]; in fact, a lower GA and a reduced birth weight are considered risk factors for CMV infection acquisition \[[@r1], [@r6], [@r15], [@r61]\].

7. CMV INFECTION: CLINICAL FEATURES {#sec7}
===================================

In healthy adults or child, the initial infection is generally asymptomatic. However, viremia and viral shedding through secretions can persist for months, or even years in some cases (viral elimination in urine, saliva, genital fluids). Moreover, latent CMV DNA persists in the host without signs of replication. The intermittent occurrence of viral shedding is possible long-life, especially during periods of impaired immune response. In fact, it reduces the ability in CVM replication-control \[[@r15]\].

Preterms, newborns prenatally infected, patients affected by congenital, acquired or drug-related immunodeficiencies, or even other immune diseases, are at risk of disseminating infections with a serious clinical manifestation \[[@r15]\].

Acquired infection in full-term newborns rarely causes a symptomatic disease \[[@r6], [@r14]\].

According to the trial of Hamprecht *et al*. \[[@r13]\], 52% of 33 infected infants presented neutropenia, thrombocytopenia or hepatopathy and in 12% of the cases showed sepsis-like symptoms \[[@r6], [@r13]\].

Very premature babies can show signs of a severe disease because of their immature immune system and because the transfer of maternal IgG begins at 28 weeks of GA. Moreover, in this category of newborns, acquired antibody's level decreases rapidly \[[@r10]\]. This gives more susceptibility to develop a serious illness after CMV acquisition \[[@r1], [@r3], [@r10], [@r13], [@r47], [@r73], [@r81]-[@r83]\].

Postnatally BM acquired CMV infection, in preterms, can be a symptomatic infection varying from a self-limiting disease to a serious and even mortal illness, especially in newborns showing less than 32 weeks of GA. Moreover, the infected infants show an increased risk of Bronchodysplasia (BDP) \[[@r1], [@r16], [@r84]-[@r86]\].

The clinical presentation of acquired CMV-symptoms in preterm newborns is currently indicated with the expression sepsis-like symptoms; these are showed by about 13,7-15% of the preterms (this percentage reached 80% among the newborns with a GA lower than 26 weeks) and include, as reported through several trials, respiratory impairment, pneumonia, apnea, bradycardia, hepatosplenomegaly, hepatitis, gray pallor, distending bowels, haematological changes as neutropenia and thrombocytopenia and/or absolute lymphocytosis, cholestasis, impaired liver function and increase in liver enzymes, a mild increase in C-reactive Proteins (CRP) \[[@r6], [@r8], [@r10], [@r13], [@r15], [@r16], [@r21], [@r26], [@r33], [@r45], [@r76]\], and even death \[[@r10]\].

These symptoms are mostly self-limited, without showing the impact on neonatal outcome. It has not been reported an increase in intracranial hemorrage, periventricular leukomalacia, retinopathy of prematurity (ROP) and NEC rate \[[@r16]\].

However, in few cases and small case series, a more serious illness has been described and even death in VLBW, pneumonia requiring ventilation, hepatitis, NEC, gastrointestinal involvement, bloody diarrhea, bowel occlusion and volvulus. In some cases, antiviral treatment has been needed \[[@r3], [@r16], [@r45], [@r87]-[@r90]\].

In the multicenter study of Balcells *et al*. \[[@r23]\], the newborns with acquired CMV infection resulted smaller and showed a lower GA.

The percentage of clinical manifestation's occurrence after a post-natal infection varies from 0% to 75% depending on the GA of the infected newborn \[[@r8], [@r13], [@r21], [@r45], [@r59], [@r91]\].

Moreover, infected preterms may be at risk of long-term sequelae, but few studies are available and this correlation has been not clarified yet \[[@r8]\].

In conclusion, ELBWs infants show the highest risk of developing a severe post-natal CMV infection and probably also long-term sequelae \[[@r1], [@r26], [@r46], [@r81]\].

8. CMV INFECTION: DIAGNOSIS {#sec8}
===========================

In the congenital infection, diagnosis is allowed by the detection of CMV in urine samples within the first three weeks of life. This can be made both through the detection of viruria (by culturing) (viruria) or through PCR (DNAuria) \[[@r23], [@r92]\]. Moreover, congenital infection can be defined as CMV IgM positivity within the first week of life \[[@r8]\], although this method results less sensitive, due to the frequent occurrence of false negative \[[@r23]\].

In the acquired infection, the screening performed with real-time PCR (rtPCR), which amplifies DNA from urine, shows more sensitivity and specificity if compared with cell culturing \[[@r23], [@r93]\].

The acquired infection is defined as a positive CMV-DNA PCR on urine sample (or CMV viruria) \[[@r8]\], after a previous test performed in the first 14 days of life and which gave a negative result \[[@r1], [@r6], [@r23]\].

The lowest limit of detection attests at 360 copies/ml \[[@r1], [@r94]\]. RtPCR on BM, according to Romero Gomez *et al*. \[[@r6]\], could help to find samples from mothers showing a high viral shedding; therefore, this could help to decide if BM should undergo any treatment (*i.e*. freezing), especially under 28 weeks of GA.

9. CMV IN BREAST MILK: METHODS FOR INACTIVATION {#sec9}
===============================================

Several strategies have been developed and deeply investigated to inactivate CMV in BM, prior to use it to fed neonates \[[@r6]\].

Information about the available BM treatment techniques to reduce CMV transmission are not fully clarified. More studies would be needed to determine the best strategy to eliminate the risk of contagious, leaving BM's properties unmodified \[[@r1]\].

The actual knowledge on this topic is reported in the following paragraphs and synthesized in Table **[1](#t1){ref-type="table"}**.

9.1. Pasteurization {#sec9.1}
-------------------

According to several authors, both short-term and long-term pasteurization result efficacious in preventing CMV transmission. However, only the first method allows the conservation of nutritional properties and immunological components of BM, such as enzymes, hormones, growth factors and CMV-specific antibodies \[[@r16], [@r28], [@r90], [@r95]\].

### 9.1.1. Long-term Pasteurization {#sec9.1.1}

Romero-Gomez *et al*. \[[@r6]\], Bryant *et al*. \[[@r10]\] and Lyoid and colleagues \[[@r95], [@r96]\] define long-term pasteurization as the heating of BM for 30 min at 62,5 °C, while Hamprecht *et al*. \[[@r16]\] refer to the heat treatment at 63 °C for 30 minutes.

All the authors agree with the observation that this method can produce a microbiologically safe product, completely inactivating CMV, degrading CMV-RNA \[[@r6], [@r28], [@r97]\] and reducing bacterial loads by 10^5^ colony forming units per mL \[[@r96]\]. Unfortunately, it alters BM composition reducing its nutritional, immunological and endocrinological properties \[[@r6], [@r23], [@r98], [@r99]\]. It has also been shown to damage immunoglobulins and lymphocytes \[[@r10]\].

### 9.1.2. Short-term Pasteurization {#sec9.1.2}

There is not a univocal definition of short-term pasteurization. Some authors consider it the heat treatment of BM at 70 °C for 5 minutes \[[@r10]\]. Others refer to the treatment at 72 °C for 10 seconds \[[@r1], [@r100]\].

Finally, it can also be defined as the treatment at 62 °C for 5 seconds \[[@r16]\].

However, it seems to be promising due to its efficacy in inactivating CMV in BM without modifying its nutritional and immunological properties. More studies are needed to fully clarify these observations \[[@r10]\].

9.2. Freezing {#sec9.2}
-------------

Many authors affirm that freeze-thawing at -- 20 °C for a time varying from 18 hours to 10 days can reduce viral concentration, without completely eliminating it. Differently, from pasteurization, it does not modify BM constituents and beneficial nutritional and immunological properties \[[@r3], [@r10], [@r16], [@r23], [@r28], [@r101]-[@r103]\].

However, some *in vitro* studies performed freezing BM at -20°C for several days, sometimes demonstrated even the complete elimination of CMV, but there are still discordant results in this field \[[@r1], [@r6], [@r28], [@r61], [@r97]\]. Moreover, these studies confirmed that this technique does not induce alterations in BM composition \[[@r6], [@r98], [@r99]\].

The recent multicenter study performed by Balcells *et al*. \[[@r23]\] evidenced as milk freezing reduces the CMV infection rate; this technique revealed a useful strategy to prevent BM transmission with a reduction rate of about 71% if started within the first week of lactation. However, it does not completely eliminate BM infectivity and in their study, some patients acquired CMV even if fed with frozen BM; in these cases, freezing was started after the first week of lactation \[[@r20], [@r23]\]. They conclude underlying the needs of more studies to completely understand these implications.

9.3. Novel Techniques {#sec9.3}
---------------------

Ultraviolet- C irradiation and Microwave irradiation are two recently evaluated-techniques, which seem to be promising in eradicating CMV from BM \[[@r16], [@r96], [@r104]\].

Ultraviolet- C (UV-C) irradiation at 250 nm seems to preserve components such as lactoferrin, lysozyme and secretory IgA, instead of long-term pasteurization. However, after this treatment, it seems that some CMV related proteins are not fully eradicated and that a little viral gene transcription could still occur. The meaning and the implications of this finding have still to be clarified \[[@r96]\].

Moreover, in the study of Lyoid *et al*. \[[@r96]\], UV-C irradiation was evaluated for several time intervals at the distance of 1, 2, 3 and 4 cm from UV light; the reported data suggest the necessity to define, through more studies, the appropriate dose and conditions for an optimal UV-C irradiation.

Microwave irradiation has been recently evaluated in a small trial by Ben-Shoshan and colleagues \[[@r104]\]; they compared low power- (500 W) and high power-irradiation techniques (750 W), performed for 30 seconds. In their results, high power-irradiation caused the complete inactivation of CMV, instead of the low power-method, which showed a failure rate of 13%.

These authors affirm that the high power-irradiation may represent a valid alternative to the other available methods, even in there are few studies investigating the effects produced by this technique on BM immunological, bioactive, cellular and nutritive components \[[@r104]\]. According to some authors, it would induce a little decrease in the total content of immunoglobulin, without modifying fatty acids' composition. However, up to now, this topic has been poorly studied \[[@r104], [@r105]\].

In conclusion, many trials are needed to clarify the effects of these novel techniques on BM properties \[[@r16], [@r96], [@r104]\].

9.4. Trial Comparing the Described Techniques {#sec9.4}
---------------------------------------------

Two techniques were compared in the retrospective study conducted by Soo Yoo *et al*. \[[@r1]\] on 385 ELBWs. The authors evaluated the efficacy of BM pasteurization (63 °C for 30 min) versus freeze-thawing in the prevention of CMV transmission.

The results obtained confirmed that the first technique allows the complete CMV eradication \[[@r1], [@r97], [@r106], [@r28]\]. Unfortunately, it severely impairs BM good properties and benefits \[[@r1], [@r28], [@r107]\].

On the contrary, the second one preserves nutritional and immunological features of BM but does not completely eradicate CMV and therefore viral transmission \[[@r1], [@r61], [@r108]\].

In the same study, the risk of CMV transmission *via* frozen BM depended on the total quantity of frozen milk administered \[[@r1], [@r79]\]. Eight percent of the infants fed with frozen milk for more than 3 days acquired CMV infection. However, the global CMV transmission was reduced to almost 6-22% \[[@r52], [@r59], [@r82], [@r109]\].

BM irradiation was compared with freezing in a small trial performed by Ben-Shoshan *et al*. \[[@r104]\]. They described a lower CMV elimination rate using the 1-day freezing technique (20%) and 3-day freezing (7%), instead of high-power irradiation.

10. ACQUIRED CMV INFECTION: OUTCOME AND FOLLOW-UP {#sec10}
=================================================

Although acquired infection was thought, as first, not associated with long-term sequelae \[[@r10], [@r110], [@r111]\], some studies have reported the increased risk of a neurological impairment \[[@r10], [@r37], [@r112]\].

Up to now, the outcome of the early post-natal acquired CMV infection on neurodevelopment and hearing function is still not fully defined, although it has been studied by several authors \[[@r23], [@r113]\].

In some studies, long-term effects have not been reported; on the contrary, in other case series, a higher risk of sensorineural deafness or long-term neurologic functions impairment has been described \[[@r23]\].

It seems that a severe post-natal acquired infection causing symptoms and clinical manifestations could more likely lead to an impairment in the long-term prognosis, especially taking into account its occurrence in the critical and susceptible category of premature \[[@r23], [@r64]\].

Below we report some interesting studies on this topic, which result useful to improve our current knowledge on the outcome of this infection.

There are few studies investigating long-term outcome associated with CMV acquired the infection in VLBWs and ELBWs, giving controversial results \[[@r1], [@r8]\].

In the retrospective study of Soo Yoo *et al*. \[[@r1]\], a follow up at 2 years of corrected age has been evaluated. In their sample, a high proportion of the symptomatic preterms developed severe consequences, such as a moderate or severe BDP.

In the same study, the growth parameters and neurodevelopmental status were not different if compared with a control group. Moreover, no hearing loss was reported \[[@r1], [@r21]\].

In the study of Jim *et al*. \[[@r8]\], involving VLBW newborns which acquired CMV infection *via* BM, the outcome at 12 and 24 months of corrected age has been evaluated. In this group, anthropometry, clinical outcome including the incidence of BDP, intraventricular hemorrage (IVH), periventricular leucomalacia (PVL), ROP, cerebral palsy (CP) and even length of hospitalisation, psychomotor or mental development did not result impaired if compared with a control group of premature. Moreover, death for CMV-directly related problems has not been reported and none of the patients required antiviral treatment during the infection. A permanent sensorineural hearing loss was not detected in the evaluated babies.

Other follow-up studies evidenced a comparable outcome among post-natal CMV infected and noninfected preterm infants \[[@r16], [@r73], [@r110], [@r114], [@r115]\].

According to these studies, CMV acquired infection does not seem to modify clinical outcome and in particular neurocognitive development, sensorineural hearing function or children growth \[[@r8]\].

However, contrasting results have been reported by other authors. In fact, neurological sequelae have been described after three years of age in some infected preterms \[[@r112], [@r116]\]. More recently, other authors reported an impaired cognitive function and also neurological sequelae in some adolescents, ex-preterms, who early acquired a symptomatic CMV infection \[[@r117]\]. Therefore, current data cannot exclude the possibility of a negative impact on long-term outcome \[[@r16]\].

It must also be considered the presence of several confounding factors that might influence the results of these long-term to follow up. For example the occurrence of comorbidities, different strategies of treatment, parental cares, a low socio-economic status and even the outcome related to prematurity itself \[[@r8]\].

10.1. Magnetic Resonance Image Studies {#sec10.1}
--------------------------------------

Some findings of not completely clear meaning have also been reported analyzing cerebral Magnetic Resonance Image (MRI) of some ex-preterm infants, infected by CMV in the early life. In some of these patients, a different diffusion pattern involving the occipital regions has been described during functional studies, if compared with healthy controls. However, their neurodevelopmental outcome after one year of life was comparable \[[@r16], [@r118]\].

Moreover, structural and functional studies detected some differences. The volume of several areas resulted in less developed in infected subjects, especially grey matter. This has been confirmed also in long-term evaluations performed during adolescence. A difference has also been reported in the activation of the left hippocampus and right anterior cingulated cortex during performances regarding the language \[[@r16], [@r119]\].

In conclusion, even if a clear pattern of brain damage has not been detected and more studies are needed to correlate an early acquired CMV infection to long-term structural and functional brain alterations, these cannot be excluded up to now \[[@r16]\].

11. FUTURE PERSPECTIVES {#sec11}
=======================

11.1. Prevention {#sec11.1}
----------------

The prevention of post-natal acquired infection should regard both an eventual prevention of maternal infection and the reduction of maternal transmission \[[@r15]\].

Because the transmission due to maternal reinfection/recurrent infections varies from 0,1-1% to higher rates in countries with a higher CMV prevalence, an efficacious strategy to prevent mother to child transmission could be therefore the prevention of maternal primary infection \[[@r15]\].

To reduce the infection occurrence, some measures would be introduced or improved, such as washing hands, reducing the contact with babies' fluids, cleaning surfaces after the contact with body fluids, the use of condoms to reduce sexually transmitted infections \[[@r15], [@r120]\].

Regarding the prevention of transmission, another proposed strategy was the use of donated BM from seronegative mothers; unfortunately, this is usually constituted by mature milk, whose composition is different from the BM produced by preterm's mothers and could result inadequate for these neonates \[[@r10]\].

11.2. Metabolomics {#sec11.2}
------------------

Interesting data were recently reported with metabolomic studies, both investigating amniotic fluid (AF) \[[@r121], [@r122]\] and neonatal or maternal urine; in fact, metabolome seems a very promising instrument in several obstetric diseases, since it has been shown the ability to describe the complex interaction between mother and fetus, also taking into account the central role played by the placenta \[[@r123]\].

According to the study of Fattuoni *et al*., this evaluation allowed to discriminate AF belonging to CMV infected pregnant women who had transmitted the virus to the foetus, comparing it from the samples collected from infected women who resulted 'non-transmitters' of the same virus. The analyzed metabolites, in these samples, have also shown different profiles if compared with those of healthy pregnant women. Finally, different concentrations of these mediators in AF were also detected between symptomatic and asymptomatic infected newborns, potentially allowing the early diagnosis of infected newborns. In this perspective, precocious and specific biomarkers could be early detected and a targeted therapeutic approach may be performed, potentially improving the outcome of congenital or acquired infection and therefore avoiding the CMV-related sequelae \[[@r121]-[@r123]\].

11.3. Vaccination {#sec11.3}
-----------------

Vaccines are under development but are not still available. A trial regarded a vaccination with a CMV viral Glycoprotein B which showed an efficacy of 50%. However, the protective effect reduced during the time \[[@r15]\].

12. CURRENT MANAGEMENT {#sec12}
======================

Currently, a standardized algorithm of decision to perform the treatment of CMV-IgG seropositive mothers of premature neonates does not exist, and each NICU follows its recommendations, according to the national decision-making address, which should take into account the beneficial effects of breastfeeding extremely preterm newborns but even the risks connected with the possible viral transmission.

According to the AAP, a decision of BM treatment before administration should be taken especially for such premature babies born less than 32 weeks of GA from CMV-IgG positive mothers; these guidelines recognize long- and short-term pasteurization as safe techniques, due to their efficacy in viral inactivation, while freezing results a technique reducing but not eliminating viral load, according to the evidence reported in such review \[[@r124]\].

According to the Spanish group of pediatric infectivology, pasteurization of BM must be performed only on donor milk in human milk banks, since it reduces its beneficial properties. Moreover, in these guidelines, BM from CMV-IgG seropositive mothers should be frozen in premature newborns showing LBW, after the first week of lactation and with the highest efforts to not interfere with lactation. The authors conclude that freezing does not eliminate viral transmission but may reduce cases of severe infection and should also be considered in case of BM acquired infection in order to reduce viral shedding and improve infected newborn outcome \[[@r125]\].

In Sweden, according to Omarsdottir and co-workers, in many units, newborns showing less than 32 weeks of GA are initially fed with fresh milk and, after the first days of life, if the mother results seropositive for CMV-IgG, frozen BM is administered, while pasteurization is avoided. However, even these authors affirm that a consensus should be needed, especially to protect extremely preterm neonates \[[@r126]\].

Moreover, in case of maternal CMV-IgG seropositivity, The Committee for Nutrition of the Austrian Society of Paediatrics and Adolescent Medicine recommends BM pasteurization up to GA of 35 weeks, the French Society for the Safety of Nutrition recommend fresh BM only after 32 weeks of GA (above 1500 g), the guidelines of the Swedish National Board of Health and Welfare recommend freezing in neonates born before than 32 GA \[[@r21]\].

Finally, Picaud and working group of the French Neonatal Society on fresh human milk use in preterm infants, recently reviewed the available literature and guidelines from many countries and concluded, in accordance with the last recommendations, that newborns showing less than 28 weeks of GA or weighting less than 1000 gr should be fed with pasteurized BM up to 31+6 weeks of GA, both in case of positive or unknown maternal detection of CMV-IgG. In their opinion, this practice can be started after three days of lactation, due to a relative safety of colostrum \[[@r127]\].

In some cases, newborns cannot be fed with their mothers' milk, due to a lacking lactation in preterm delivering mothers or to such conditions contraindicating breastfeeding with the milk of the newborns' own mothers. In this perspective, the efforts made by human milk banks may result very useful. In fact, these structures collect and process samples from volunteer donors, accurately selected and screened, to provide BM also to such a vulnerable category of newborns. To avoid viral transmission through this nutrition route, potentially regarding also CMV, donor human milk must undergo long-term pasteurization; moreover, bacterial cultures performed before than the pasteurization must reveal no growth of pathogenic organisms (such as *S aureus*, group B Streptococcus, lactose-fermenting coliforms), no more than 100 000 colony-forming units/mL of normal skin bacteria and no viable bacteria after pasteurization and alternative treatments should not be recommended.

Currently, US donor milk banks refer to the Human Milk Banking Association of North America and BM is processed according to the US Food and Drug Administration and the Centers for Disease Control and Prevention guidelines \[[@r124]\].

CONCLUSION
==========

BM is the best available source of nutrition for newborns, especially for the vulnerable category of prematures \[[@r8]\].

Post-natal acquired CMV infection is frequent among preterms and can be very compromising for the newborn short- and maybe long-term outcome. Therefore, it would be very important to perform efficacious methods to avoid CMV transmission *via* BM \[[@r8]\].

The studies and results mentioned in this review, however, show some limits. It should be taken into account that not all the methods to detect CMV show the same efficacy, also depending, *i.e*., on the available PCR kits. Moreover, differences can be also related to the analyzed samples \[[@r23], [@r128]\].

The two strategies that must be improved to avoid CMV transmission are, currently, a reduction of maternal rate of infection during pregnancy and an optimization of the strategies to inactivate the virus in BM (such as pasteurization, freezing and irradiation) \[[@r15], [@r42]\].

It is well known that pasteurization modifies BM components; therefore, also its impact on newborn outcome should be evaluated \[[@r1]\]. Moreover, beneficial effects of BM freezing and irradiation should be deeply understood and also its effects on BM properties and even on newborn's outcome \[[@r23]\].

According to the most recent evidence, fresh BM could be administered only in newborns showing more than 32 weeks of GA or weighting more than 1000 gr. In case of more preterm neonates, BM should undergo pasteurization after the first 3 days of lactation in case of maternal positivity for CMV-IgG. However, in our opinion and taking into account the results presented above, neither colostrum can be considered so safe and should not be administered without treatment.

In the next future, the clarification of the real impact of CMV acquired infection on preterm's outcome, especially regarding neurological sequelae, would be desirable \[[@r15]\].

For example, innovative techniques such as metabolomics could improve the approach to mother to child-transmitted infection.
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:   Amniotic Fluid
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:   Breast Milk
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:   Bronchodysplasia
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:   Central Nervous System
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:   Cerebral Palsy
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:   Cytomegalovirus

DNA

:   Deoxyribonucleic acid

ELBW

:   Extremely Low Birth Weight

GC-MS

:   Gas Chromatography-Mass Spectrometry

GA

:   Gestational Age

HIV

:   Human Immunodeficiency Virus
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IVH
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NEC

:   Necrotizing Enterocolitis
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PVL
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###### Description of the available techniques, its efficacy in CMV inactivation and action on breast milk composition.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Tecnique**                **Definition**                                                                                             **Efficacy on CMV Inactivation**                                                                                                                                                                                                                                                                                                **Effect on BM Components**
  --------------------------- ---------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Long-term Pasteurization    Heating:\                                                                                                  It induces the complete CMV eradication. Maximally efficacious in preventing CMV transmission\                                                                                                                                                                                                                                  It modifies the composition reducing nutritional, immunological and endocrinological properties \[[@r1], [@r6], [@r23], [@r28], [@r98], [@r99], [@r107]\], damaging Ig and lymphocytes \[[@r10]\], lactoferrin, lysozyme and secretory IgA, bioactive factors, hormons \[[@r96]\]
                              • 62,5 °C for 30 min \[[@r6], [@r10], [@r95], [@r96]\]\                                                    \[[@r1], [@r6], [@r10], [@r16], [@r28], [@r90], [@r95]-[@r97], [@r106]\]                                                                                                                                                                                                                                                        
                              • 63 °C for 30 min \[[@r16]\]                                                                                                                                                                                                                                                                                                                                                                                                              

  Short-term Pasteurization   Heating:\                                                                                                  It seems promising in inactivating CMV\                                                                                                                                                                                                                                                                                         It preserves nutritional and immunological components, enzymes, hormones, growth factors and CMV-specific Ab \[[@r10], [@r16], [@r28], [@r90], [@r95]\]
                              • 70 °C for 5 min \[[@r10]\]\                                                                              and preventing its transmission \[[@r10], [@r16], [@r28], [@r90], [@r95]\]                                                                                                                                                                                                                                                      
                              • 72 °C for 10 sec \[[@r1],[@r100]\]\                                                                                                                                                                                                                                                                                                                                                                                                      
                              • 62 °C for 5 sec \[[@r16]\]                                                                                                                                                                                                                                                                                                                                                                                                               

  Freezing                    Freeze thawing:\                                                                                           It can reduce viral concentration, without completely eliminating it \[[@r1], [@r3], [@r10], [@r16], [@r20], [@r23], [@r28], [@r101]-[@r103], [@r108]\]. *In vitro* studies (several days) showed the complete CMV elimination, but there are still discordant results in this field \[[@r1], [@r6], [@r28], [@r61], [@r97]\]   It does not modify composition and nutritional and immunological properties \[[@r1], [@r3], [@r6], [@r10], [@r16], [@r23], [@r28], [@r98], [@r99], [@r101]-[@r103], [@r108]\]
                              • - 20°C for a time ranging from 18 h to 10 d \[[@r3], [@r10], [@r16], [@r23], [@r28], [@r101]-[@r103]\]                                                                                                                                                                                                                                                                                                                                   

  UV-Irradiation              • Uv at 250 nm for several time intervals\                                                                 It seems promising in eradicating CMV \[[@r16], [@r96], [@r104]\]\                                                                                                                                                                                                                                                              It seems to preserve beneficial components, such as lactoferrin, lysozyme and secretory IgA \[[@r96]\]
                              (10-50 sec) at the distance of 1, 2, 3, 4 cm from the light \[[@r96]\]                                     However, some CMV related proteins are not fully eradicated and that a little viral gene transcription can still occur \[[@r96]\]                                                                                                                                                                                               

  Microwave-Irradiation       • High power (750 W)\                                                                                      It seems promising in eradicating CMV \[[@r16], [@r96], [@r104]\]\                                                                                                                                                                                                                                                              Few studies investigate its effects on immunological, bioactive, cellular and nutritive components.\
                              • Low power (500 W) for 30 sec \[[@r104]\]                                                                 • High power irradiation induced the complete inactivation of CMV.\                                                                                                                                                                                                                                                             It would induce a little decrease in the total content of Ig, without modifying fatty acids' composition \[[@r104], [@r105]\]
                                                                                                                                         • Low power irradiation showed a failure rate of 13% \[[@r104]\]                                                                                                                                                                                                                                                                
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CMV = Cytomegalovirus; BM = Breast milk; min = minutes; sec = seconds; d = days; Ig = immunoglobulins; Ab = antibodies; Uv = ultraviolet; nm = nanometers; cm = centimeters; W = watts.
